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ABSTRACT
A Statistical Experiment Simulator (STEXSIM) has been

developed which permits one to stimulate on a digital computer a wide
ralge of experimental environments. As a teaching aid in applied
statistics, it provides a means for an instructor to define a
completely crossed factorial model with up to seven fixed or random
main effects, three two-factor interactions, and one three-factor
interaction. A student designs an experiment which probes this model
in order to draw appropriate inferences. STEXSIM reads the design and
"conducts" the experiment he has specified providing the resultant
"observations" which the student then analyzes. This report discusses
in detail the program including input specifications and output
interpretation. Sufficient detail is presented to permit one to use
the model himself. (STEXSIM is programed in FORTRAN IV.) The report
also describes the formulation, execution, and analysis of 30
"student" experiments run using seven different "instructor" models.
(Author/JY)
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I. SUMMARY

A Statistical Experiment Simulator (STEXSIM) has been developed
which permits one to simulate on a digital computer a wide range of
experimental environments. As a device to aid in the teaching of
applied statistics, it provides a means for an instructor to define a
completely crossed factorial model with up to seven fixed or random
main effects, three two-factor interactions, and one three-factor
interaction. A student designs an experiment which probes this model
in order to draw appropriate inferences. STEXSIM reads the design
and "conducts" the experiment he has specified providing the resultant
"observations" which the student then analyzes.

STEXSIM performs as if it were an actual experimental setup but
does so very rapidly and cheaply. Accordingly a student can
experience for a number of problems the complete design-expertment-
analysis process. This coupling of design and analysis is rarely
achieved in a class in applied statistics. STEXSIM has the valuable
added benefit of the instructor, having defined explicitly the
experimental environment, being better able to interpret results to
his students because he knows the "true" effects.

The STEXSIM model has been programmed in Fortran IV for the
CDC 6400 digital computer. Being in Fortran it can be run on nearly
any digital computer. This report discusses in detail the program
including input specifications and output interpretation. Sufficient
detail is presented to permit one to use the model himself. Further-
more the report describes the formulation, execution and analysis of
30 "student" experiments run using 7 different "instructor" models.



II. INTRODUCTION

A. OBJECTIVE

The teaching of applied statistics is generally characterized
by the student being first presented with an introduction to
theoretical considerations. To reinforce this understanding he is
then given sets of problems to solve using the methodology being
considered. Generally he is presented with s3ts of data which he is
asked to analyze using the appropriate statistical proccdure. All
too often he is not even given the opportunity to select the
procedure, the choice being dictated by the nature of the topic
currently being covered. Furthermore he is not given the opportunity
to design the experiment which would generate the data which he
analyzes. At other times he is asked to design an experiment which,
if executed, would permit the making of specified inferences.
Unfortunately in this case he is usually denied the opportunity to
run the experiment he has designed. The problem with this approach
is the lack of coupling of the design phase with the analysis phase.
The student is not faced with the complete task of firz.t deciding
how his data should be collected - what variables shoeld be
controlled, how many levels of each, how many observations, etc. -

and then having to analyze his own data once it has beeu gathered.
The reasons for this lack of integration are not hard to find for
clearly the high cost and excessive time required to accomplish the
process of setting up and running actual experiments are generally
unacceptable for the usual class. It is recognized that students at
times do gain this experience on one problem in the course of a major
project or thesis endeavor. However, even in this case his experience
is generally limited to a single problem.

The problem is clear: How can the experiment step in the
design-experiment-analysis sequence be shorted at an acceptable cost?
It has bee.i the objective of this research to search for a solution
to this problem. It is the task of this report to describe the
success of the search.

The approach taken has been to explore and exploit the role of
the digital computer. Through the use of computer simulation,
experiments can be modeled in a computer language which then replaces
an analogous real-world situation.

Consider first the general role of simulation. Simulation has
been used for a variety of other modeling activities in which one
represents the essence of a real-world system in the form of a
computer model. These include simulations of traffic systems,
queueing systems, production scheduling systems, hospital outpatient
systems, etc. The models are developed as computer programs which
are then executed on a digital computer. Because of the high
calculation speeds of the digital computer, it is possible to "mimic"
the actions of the real system using these models. Experiments which



evaluate alternative system designs and/or decision parameters can be
conceived and tested in a relatively short period of time with neither
the cost nor the disruption that would be incurred if the real system
itself were used. The extensive literature in this area attests to
the success and acceptance of this approach. A number of university
courses have been developed to teach simulation as an analysis/
synthesis technique.

However, there has been little utilization of simulation as a
pedagogical device; i.e., the use of simulation to aid in the teaching
of some other subject rather than being the subject of instruction
itself. The possible exception are management or business games.
However, games do not contribute to the task of this research and are
not further considered.

The area in which the pedagogical possibilities of simulation are
beginning to be exploited are in the production-inventory area as
illustrated for example by the simulator developed at Case Western
Reserve University (ref. 7 ) and the PROS1M simulated developed at
Auburn University (ref. 4 and 5 ). Students are presented with
symptoms and data rather than well defined problems. The simulator
is used by the students to diagnose the situation, formulate the
problem, construct appropriate models, organize raw data and develop
and experimentally test a solution. The purpose of the course in
which such a simulator is used is to teach production and inventory
control, not simulation.

This research has taken an approach similar in philosophy but
quite different in detail. A Statistical Experiment Simulator (STEXSIM)
has been developed which permits an instructor to structure a problem
environment and his students to examine this environment by means of
sampling experiments which the students themselves design.

The process is shown graphically in Figure 1. The experimental
environment is described to each student who tben decides how he
wishes to design an experiment from which he can draw inferences about
the system being modeled. His design is entered in the form of
punched cards to the STEXSIM computer model along with another
punched card deck which defines the instructor's model. The student
then receives output from the model which represents data that he
would have received if he actually had run a real experiment. His
results are given to him as a computer listing showing the "obser-
vation" resulting for each of the samples he has specified. If
desired, the output is also prepared in punched card form which can
be directly entered as data into a standard analysis computer
routine from which he can draw the inferences he desires. Thus the
student is able to participate in both the design and the analysis
phases with STEXSIM providing the vital integrating role.

Furthermore, the model generating the student's data is
completely under the control of the instructor who can interpret to
the student the nature of his results. This complete knowledge of

3



Figure 1

Overview of Use of STEXSIM
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the "true" model is a feature never present in real world
experimentation and is therefore one of the more powerful features
of the STEXSIM approach.

Because these experiments are accomplished in a very short
period of time and at low cost, the student can be involved in the
complete design-experiment-analysis process for a variety of problem
situations. Through this process, it is anticipated that there will
be improvement in both short term and long term retention of basic
concepts and understanding of various statistical methodologies.

5



B. THE MODEL

The STEXSIM computer model is designed to handle problems which
can be cast in the form of a completely crossed factorial model;
i.e., each level of one factor can be combined with all levels of
other factors. This permits use of the various analysis of variance
of cross-classification designs including such incomplete factorial
designs as Latin square, Craeco-Latin square and other fractional
designs. The reader is assumed to be familiar with this area of
experimental statistics as described for example in Johnson and
Leone (ref. 3).

Up to seven main effects each at up to ten levels can be
included. Three of these main effects (5, 6 and 7) may interact
thus providing three possible two-factor interactions (5-6, 5-7 and
6-7) and one three-factor interaction (5-6-7). The non-interacting
factors (1, 2, 3 and 4) generally serve the role of blocking factors
whose effects are to be removed from the residual error but which
are not of interest, per se, to the experimenter. However, there
is no reason why any of these four cannot be factors of principle
interest.

To produce a single observation, these main effects and inter-
actions combine in a way depending on the instructor's model and
student's experimental design. The instructor specifies his additive
model while the student elects to use all or part of this model and
specifies how the treatment levels of the various active factors are
to be combined to generate an observation.

For purpose of understanding the approach, consider the basic
additive model if there were only two active factors, A and B.

where g = overall mean

A
i

= incremental effect of ith level of factor A

= incremental effect of jth level of factor BBj

AB
ij

= incremental effect of interaction of A and B
correspondtng to level i of A and j of B

1
= residual error associated with theleh observation

Yl = ltb observation of dependent variable y.

Certain commonly made assumptions underlie the philosophy of the
STEXSIM model. If a factor is fixed the sum of the incremental
effects for that factor must sum to zero. If, for example, factor

6
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A is fixed

r. A = 0
all

If the experiment were repeated the same effects would be present
since these are the only levels of interest.

On the other hand, if a factor is a random one, the various
level effects entering a particular experiment are mutually
independent random variables each selected from a normal distribution
with expected value zero and variance a'. If the experiment were
repeated a new set of effects would be present. For a particular
experiment, once selected the effects do not change. If for
example B were a random factor, the Bj's would be assumed to be
random variables selected from a normal distribution with mean zero
and variance a2 . However

E B 0
all j

for the particular experiment since these are merely samples from a
larger population.

Similarly for the two factor interaction, if both A and B are
fixed factors, the incremental interaction effects do not change
from experiment to experiment and

E AB = O.
all i,j

On the other hand if either or both of the factors are random, the
incremental effects are assumed mutually independent random vari4les
selected from a normal distribution with mean zero and variance a' .

AB

To each observation is added a term representing the residual
error el associated with the lth observation. It accounts for the
variability not otherwise accounted for by main effects and their
interactions. Each is assumed to be a selection of a mutually
independent normally distributed random variable with mean zero and
variance a'

While the assumptions of whether a factor is fixed or random
has a significant effect on the analysis of an experiment, as far as
STEXSIM is concerned, the only difference is in the manner in which
the incremental effects are determined. STEXSIM's role is to
generate "observations" each of which is comprised of the additive
effects described above. When generating en observation STEXSIM
needs to know only the incremental effect of each level of each
active factor and interaction, but at that time is indifferent as
to the source of those effects. These were defined earlier in the
execution of the experiment in one of two way. If factor is fixed,

7



the incremental effects are defined explicitly by the instructor
for each active level. If it is random the instructor specifies
instead the standard deviation of the normal distribution (mean zero)
from which incremental effects are sampled. This selection is done

once per experiment remaining constant throughout that experiment

once selected.

Similarly the incremental effects of an interaction of two or
three factors all of which are fixed are specified explicitly by

the instructor. If any of the factors are random, the instructor
specifies instead the standard deviation of the normal distribution
from which the selection is made.

Note carefully that the specification of incremental effects
is the most significant feature of the STEXSIM approach. In "real

world" experimentation these effects are not subject to the
selection of anyone but rather are inherently present to be
estimated and interpreted but not to be manipulated. In STEXSIM
however they are all fully under the control of the instructor.

Consider now the full capability of STEXSIM. As described
earlier an instructor can specify as active up to seven main effects
(1,2,...,7) each of up to 10 levels (not necessarily the same for
each factor). Furthermore two-factor interactions 5-6, 5-7 and 6-7
will be assumed present if both factors of the pair are active.
Similarly the 5-6-7 three-way interaction will be active if these
three factors are each active. Each of the seven factors declared
as active must be further declared as fixed or random. If fixed
the specific incremental treatment effects must be specified for all

levels; if random, the standard deviation for the normal distribution
from which the effects are to be sampled must be given. For the
active interactions, specific incremental effects must be given if
fixed; a standard deviation, if random or mixed.

In addition the instructor specifies the overall mean and the
standard deviation of the normal distribution from which the residual
error is to be selected.

A student specifies which factors he wishes to include and the
treatment level of each comprising each observation. Each observa-

tion is f;omputed from the additive model:

yl overall mean

+ E (effects of specified level of each active main effect)

+ E (effects of any active two factor interaction)

+ Li

(contribution from three factor interaction if active)

8



In the event that a ntudent has ignored a factor that actually
Ais active, STUMM will generate random sntections of levels of that

factor for each observation of the student. This occurs for example
when a student ignores a blocking factor ehereby confounding that
factor's effect with the error term. The student would observe an
inflated error term. This is analogous to what happens in actual
experimentation when an important factor is omitted from a design.

Once an experiment has been "run," STEXSIM transfers control to
a report generator routine which provides extensive output to the
student and his instructor describing the experiment that has been
completed.



C. cramEw OF REPORT

Section III describes in detail the Trusrm model including the
functions of various computer subroutines, how to input information
to the model and how to interpret the output generated by the model.
Section IV presents a demonstration of the use of STEXSIM for seven
different "instructor" models and a total of 30 "student" experimental
designs using these models. The results of these experiments are
analyzed and discussed. Section V provides a summary of conclusions
for this project and points the way towards the future research
presently being planned.

The appendices contain a listing of the STEXSIM computer
program plus detailed input and output for each of the experiments
and results of the analyses of variance.

a



III. DESCRIPTION OF STEXSIM MODEL

A. MODEL DESIGN

The basic STEXSIM model is composed of a main program MONITOR
which calls on any of six subroutines and two functions in the course
of executing each student's experimental design. The entire model is
written in the Fortran IV programming language for execution on the
CDC 6400 computer at the State University of New York at Buffalo.

It is the objective of this section to describe in general for
each of the several routines, its function, the conditions under which
it is called and the information communicated to and returned from
the routine.Appendix A summarizes the definition of each key variable
while Appendix B provides a complete Fortran 17V program listing. Flow
charts are provided for MONITOR and each subroutine.

1. Main ProBram MONITOR

a. Purpose: MONITOR provides overall control of the execution
of STEXSIM. It causes an instructor's model to be read
followed by the specified number of student "experiments."
For each such experiment a variety of experiment definition
tasks are accomplished after which the requisite number of
observations are generated for transmission to the OUTPUT
program. All input to any phase of STEXSIM is via MONITOR.
Similarly, any subroutine is called only by MONITOR, never
any other subroutine. Therefore MONITOR is central to the
sequence of execution of STEXSIM.

b- 11011:

From punched cards: See input specifications in Section IIIB.

c-

Since all subroutines are called by MONITOR, see the input
specifications for each such subroutine.

d. Procedure: The general sequence of activity is that the
instructor's model is read in (the contents for which are
specified in Section IIIB) followed by a set of student
experiments (contents also specified in Section IIIB).
Depending on the nature of the experiments, subroutines
LEVSEL, RTRT, RINTER may be called. TRADJ will then be
enlled for each experiment. Finally for each observation
requested AMEAN will be called to create the deterministic
component of the observation. Once the experiment has been



executed the results are punched and printed by subroutine
OUTPUT. When the last student's experiment has been
completed, a new instructor model, if any, is read.
Figure 2 shows a flow chart of the logic flow in MONITOR
while the program can be found in Appendix B .

2. Subroutine TRADJ

a. Ptrpose: Subroutine TRADJ is called by MONITOR exactly once

for each student experiment. When a student requests for a
fixed factor a fewer number of levels than provided by the
instructor, an adjustment is made of the overall mean and

various treatment effects in order to insure a zero sum of

the "true" effects of the treatments included by the
student. This in no way affects the value of the dependent
variable, y, that is generated but is provided to the
instructor in his detailed output solely in order that he

might have information as to the exact values of mean and

treatment effects being estimated by the student.

b. Input:

By argument: FMU

by common: IACT(7),IFLAG(7),LI(7),LS(7),AI(7,10),
LEV(I,K),BI(3,10,10),CI(10,10,10)

c. Ouqut:

By argument: IOUT,FMSS

By common: AS(7,10)0S(3,10,10),CS(10,10,10)

d. Procedure: The general logic is described in the flow chart
of Figure 3 . An adjustment of the overall mean and incre-
mental main factor treatment effects .;.s made when the factor
is fixed and the student requests fewer levels than provided
by the instructor. Similarly for the possible two factor
interactions an adjustment is made when both factors
entering the interaction are fixed and active and the student
requests for one or both a number of levels less than

provided by the instructor. In like manner an adjustment is
made for the three factor interaction if required. If for

any fixed active factor the student maximum level (LS(I))
exceeds the instructor level (LI(I)), the variable IOUT is
set equal to 2 and an error return occurs. Upon return to
MONITOR this will cause the termination of the execution of
the particular student experiment in which it occurred.

3. Subroutine LEVSEL

a. Purpose: Subroutine LEVSEL is called by MONITOR whenever a

12



Figure 2
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Figure 3

Subroutine TRADJ
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factor (fixod or random),specified by the instructor as
active, is declared inactive by ehe student. For each
observation of the student the subroutine will assign for
each such factor a level selected randomly from the
interval 1 to the number of levels specified by the
instructor. This selection will not be known to the student
but will bu printed for the instructor. As whenever an
experimenter fails to include in his design a relevant
factor, this selection will not be measurable by the student
but rather contributes to the residual mean square in his
analysis.

b. Input:

By argument: J,NRUN

By common: LI(7),LEV(7,10)

C. Output:

By argument: none

By common: IW(200,7),LEV(7,10),LS(7)

d. Procedure: For factor J for which the subroutine is entered
an equally probable random selection is made from the set of
integer values, 1,2,...,LI(J). This selection made once
for each of the NRUN observations requested by the student
is entered into IW(200,7) which contains the treatment levels
for each of 7 main effects for each of the NRUN 200)
observations. An error message is printed if for some reason
a level selection is not successful; the level is set at 10
and execution continues. The seed number for the random
number generator used in this subroutine is defined within
and used exclusively for this subroutine. Figure 4
contains a flow chart for this subroutine.

4. Subroutine RTRT

a. Purpose: For every main factor declared random by the
instructor, subroutine RTRT is called by MONITOR to select
the treatment effects which are used in the student's
experiment. These effects remain constant for the duration
of a student's experiment. A new student's experiment
will, however, receive a new (and presumably different)
selection of treatment effects. The standard deviation of
the normal distribution from which the selection is made is
specified in ehe instructor's model. Subroutine RTRT is
entered whether or not fhe student has declared ehe factor
active. In the latter case LEVSEL would have first been
entered.

15
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Figure 4

Subroutine LEVSEL
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b. Input:

By argument: J

By common: LI(7),STD(J),FLIM(11,2)

C. Output:

By argument: none

By common: AI(7,10)

d. Procedure: One selection is made for each of the LI(J)
active levels of factor J. Each selection is made randomly
from a normal distribution with mean zero and standard
deviation, STD(J). Any sample not within the minimum and
maximum specified by the instructor (Kum(J,l) and KLIM(J,2))
is rejected and another selection made. In the event that an
ac%;eptable sample is not generated in 1000 trials an error
message is printed and execution returned to MONITOR. The
seed number for the random number generator used in RTRT is
defined within and used exclusively for this subroutine.
Figure 5 contains a flow chart for this routine.

5. Subroutine RINAR

a. Purpose: Subroutine RINTER is called by MONITOR for each
active two factor interaction (5-6,5-7,6-7) and the three
factor interaction (5-6-7) if any of the factors are random,
i.e., it is entered for mixed and random models. Its

function is identical to that of RTRT except the number of
treatment effects selected equals the product of the number
of levels of each factor involved in the particular inter-
action.

b. Input:

By argument: K

By common: LI(7),STD(J),FLIM(11,2)

c. Output:

By argument: none

By common: BI(3,10,10),CI(10,10,10)

d. Procedure: K determines the interaction being considered.



Figure 5
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interaction

8 5-6

9 5-7

10 6-7

11 5-6-/

For the two factor interaction I-J(Km8,9,10),LI(/)*LI(J)
selections are made from a normal distribution with mean
zero and standard deviation STO(K). For the three factor
interaction (Kpl1),LI(5)*LI(6)*LI(7) selections are made
from a normal distribution with STD(11). As in RTRT a
selection is rejected if it does not fall within the range
specified by the instructor (KLIM(K,1) to KLIM(K,2)). The

seed number for the random number generator used In RINTER
is defined within and used exclusively for this subroutine.
The flow chart for this subroutine can be found in
Figure 6 .

6. Subroutine AMEAN

a. Purpose: Subroutine AMEAN is called by MONITOR once for each
of the NRUN obsnwations requested by the student. This

routine generates the portion of each dependent variable
before the error component is added. It adds to the overall
mean the specific treatment effects for the levels of each

factor that comprise each observation (specified by student
or generated in LEVSEL).

b. Input:

By argument: L(observation index),FMU

By common: IACT(7),IW(200,7),AI(7,10),BI(3,10,10),
CI(10,10,10)

c. Output:

By argument: FMS

By common: none

d. Procedure: This subroutine proceeds by first setting FMS
equal to the overall mean, FMU, and then adding to it the
appropriate incremental treatment effects of each active
main effect factor and active interaction. The flow chart

is shown in Figure 7 .

7. Subroutine OUTPUT

a. Purpose: Subroutine OUTPUT is called by MONITOR after all
requested observations are generated in order to print out

19



Figure 6

Subroutine R1NTER
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Figure 7

Subroutine AMEAN
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results and, if requested, to punch out a card deck of

experimental results.

b. Input:

By argument:

By common:

C. Output: (not

By argument:

By common:

NST,NRUN,FMIJ,FMSS

PUNSW,YD(200) $ IWI (200,7) ,NAME(80) ,ISW,
TW(200,7),IACT(7),IFLAG(7),LI(7),INCLD(7),
KEY(7),LS(7),LEV(70.0),AI(70.0),BI(30.00.0),
CI(l0,10,10),SIGMA,AS(70.0)

including punched and printed output)

none

none

d. Procedure: No calculations are made in this subroutine.
Rather it is devoted exclusively to the punching and printing
of results for a single student's experiment. Punching is
controlled by the first data card of the instructor's model.
If it contained the word PUNCH, punching is accomplished; if
any other alphanumeric quantity, punching is bypassed. The
punched deck with one card per observation can be used by
the student as data input to a computer analysis routine.
One section is printed to be gtven to the student showing
for each requested observation, the factor levels requested
and the resultant dependent variable. Levels selected by
LEVSEL for acttve factors ignored by student are not shown.
A second section is printed for the instructor listing the
same information prepared for the student plus extensive
information for the instructor as to various model
conditions entering into the generation of the student's
observations including factors selected by LEVSEL, treatment
effects for active fixed and random factors, etc. The
output format is described in detail in Sectian IIIC. A flow
chart of this subroutine is in Figure 8 .

8. Function FNORM

a. purpose: Function FNORM provides a single random selection
from a normal distribution with mean zero and standard
deviation SIGMA utilizing as the seed variable NSEED. It
is called for each observation by MONITOR in order to provide
the residual error component. It is also called by RTRT and
RINTER to provide selections of treatment efftnts for random
factors and random and mixed interactions.
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Figure 8
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b. kaat:

By argument: SIGMA,NSEED

By common: none

C. Output:

By function name: FNORM

By argument: NSEED

By common: none

d. Procedure: The method used
variates is that attributed
No flow chart is required.
in Appendix B .

9. Function RND:
_

for the generation of normal
to Box and Muller (ref. 1 ).
The program is listed however

a. yurpose: Function RND provides a sample from a distribution
uniformly distributed on the interval 0 to 1.0. It is
called whenever a random number is required either directly
(as in LEVSEL) or for transformation to another variate of
interest (as FNORM).

b. Input:

By argument: NSEED

By common: none

c. Output:

By function name: RND

By argument:

By common:

NSEED

none

d. Procedure: The method used is the commonly used multi-

plicative congruential method (as discussed for example in
Naylar et al, ref. 6 ). NSEED is multiplied by a constant
to provide an integer value which is then scaled by 2-48 in
order to provide a value in the unit interval. The integer
result of this multiplication becomes the new value of
NSEED which is returned to the calling routine. In this way
independent random number streams can be provided to each of
any number of calling routines.
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CAUTION: This routine is machine dependent as are all pseudo
random number generators in use today. This particular
routine was developed by the principle investigator for the
CDC 6400 computer at the State University of New York at
Buffalo. Hence it will operate satisfactorily only on this
machine which, although having 60 bit word, is effectively a
48 bit one because of ehe manner in which fixed point
multiplications are accomplished. Therefore, this routine
must be replaced by one appropriate for the local implementation
of STEXSIM.



B. INPUT SPECIFICATIONS

Input to STEXSIM includes a set of cards (Set A) provided by the
instructor to define the statistical model and to specify certain
other run defining variables. This set is followed by one set (Set B)
for each student's experimental design to be run utilizing the
statistical model of Set A. Up to 99 student designs can be run
sequentially for a given model. Any number of models may be stacked
to run sequentially. Each Set A will be followed by as many (s 99)
student designs (Set B) as desired. Any model of up to 7 fixed or
random factors each with up to 10 levels may be defined in card Set A.
The STEXSIM computer model itself need never be altered; all changes
are made via data cards. Reference to the sample inpUt listing in
Appendix C should help clarify the specifications below.
1. PUNCH CONTROL

To provide control over the punching of output the first data
card must contain either of the following words commencing in card
column 1

PUNCH
NO PUNCH

In the case of PUNCH, each student's output will be provided in punched
card as well as printed form. If NO PUNCH, only printed output will
be provided. An appropriate message is printed on the output sheets
so that the student will know whether or not he should expect punched
output. A single punch control card controls punching for the entire
run of STEXSIM, i.e. it cannot be changed from one model to another
executed in a single computer run.

2. INSTRUCTOR SET A

For each model, the instrucLor provides the following set of
cards in the order presented.

Card 1 - Model definition card

There must be exactly one card type 1 containing the following
infornation.

a. Columns 1 to 7 specify

Column

which factors are active.

Factor
1 1

2 2
3

4 4
5 5
6 6
7 7
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In each column a

1 denotes an active factor and a
2 denotes an inactive factor.

These are read with 711 format into IACT(I),I=1,7.

b. Columns 8 to 14 specify whether each factor is fixed or
random.

Column Factor
8 1

9 2

10 3
11 4
12 5

13 6

14 7

In each column enter a

1 if the corresponding factor is fixed
2 if it is random or if it is not active.

These are read under 711 format into IFLAG(I),I=1,7.

c. Columns 15 to 28 specify the number of levels of each of the
active factors.

Columns

Each factor can have a maximum of 10 levels.

Factor
15-16 1

17-18 2

19-20 3

21-22 4
23-24 5
25-26 6
27-28 7

The integer number of levels should be right justified within the
appropriate two column field. For inactive factors blanks or any
numeric quantity may be specified.

These are read in 712 format into LI(I),I=1,7.

d. In columns 29 to 38 the overall mean is entered. This
quantity is read into variable FMU using an F10.4 format.
If the decimal point is punched in the card, the field may
fall anywhere within columns 29 to 38. Otherwise the F10.4
format must be strictly adhered to.

e. Card columns 39-40 specify how many student designs (Sets B)
follow this Set A. The quantity must be integer and right
justified. (It is read with 12 format into NSTUD).

The information on this card defines which of card types 3
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through 8 will next be read.

Card type 2 - Fixed main effect

There will be one card type 3 for each active main effect factor
which is fixed. These cards are arranged in increasing order of
factor index I (I = 1,2,..,7). Within a card, the incremental effects
for that factor are entered in 10F8.4 format.

Columns Effects for level
1-8 1

9-16 2

17-24 3

25-32 4
33-40 5

41-48 6

49-56 7

57-64 8
65-72 9
73-80 10

If the decimal point is punched, entries may be anywhere within the
appropriate 8 column field. Otherwise, the F8.4 format must be
strictly adhered to.

These are read into AI(I,J),3=1,LI(I)

Statistical theory requires

LI(I)
E AI(I,J) = 0 for all I
J=1

Card type 3 - Fixed two factor interaction

There will be one set of cards type 3 for each interaction of two
fixed main effect factors. Since Factors 5, 6 and 7 are the only
factors which may interact, the only two factor interactions possible
are 5-6, 5-7 and 6-7. STEXSIM will read sets of type 4 cards whenever
both main effects of each of these three possibilities is active. Even
if one of these interaction effects is not desired, if the two factors
(5, 6 or 7) making it up are active, type 4 cards will be read in
which case zeroes must be entered.

For interaction 1,3 (I,J=5,6,7;IM provide one card for each level of
factor I. On each card enter in 10F8.4 format the incremental effects
corresponding to each of the levels of factor J. Hence, there will be
LI(I) cards each with LI(J) entries for interaction I,J.

This is repeated for each of the interactions 5-6, 5-7, and 6-7 in
that order when active. Note that the summation over levels of I for
a particular level of J must equal one as must the summation over
levels of J for a particular level of I.
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"AS

This data is read into BUIC,143,1,4),L4.1,LI(J);L3=1,LI(I)
where

IC = 1 if 1=5, JE1
2 " 1.5, J.7

J.7

Card type 4 - Fixed three factor interaction

There will be at most one fixed three factor interaction which occurs
only when factors 5, 6 and 7 are each active and fixed. Each entry on
the data cards is the incremental effect corresponding to each
combination of levels of factors 5, 6 and 7. There must be one card
for each combination of levels of factors 5 and 6. Lettimg L5 denote
level of factor 5 and L6 levels of factor 6, these cards ara in order
of L6 indexing within index L5 (i.e. 1-1, 1-2, 1-3, 2-1, 2-2 etc.).
There will be LI(5)*LI(6) data cards each containing LI(7) entries.
Each such entry represents the increment effect corresponding to the
L7'th effect of factor 7, L5'th of 5 and Leth of 6. This data must
be in F8.4 format.

This data is read into CI(L1,L2,L3),L3=1,LI(7)
L1=1,LT(S) and
1.2=1,11I(6).

Statistical theory requires zero summation over any index of CI for
eaeh combination of all levels of the other two.

STEKSIN will read LI(5)*LI(6) data cards.

Card type 5 Random main effect

There will be one card type 5 for each random main effect I,
1=1,...,7. Each contains three quantities.

Column Content
1-8 FLIM(I,1)
9-16 FLIM(I,2)
17-24 STD(I)

read in 3F8.4 format.

STD(I) is the standard deviatian corresponding to factor I. These
are used at the time of selecting dae set of treatment effects fcm a
particular student's experimental design. The effects, for as many
levels as requested by the student, are selected trom a normal
distribution with expected value zero and standard deviation STD(I).

FLIM(I,1) is the lowest allowable value of eaeh treatment effect for
factor I while FLIM(I,2) is the upper limit. Any selection from the
normal distribution which does not fall within these inclusive limits
is discarded. This provides a means for preventing extreme values from
contaminating an experiment.
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These cards are to be in order of index I (1,2,...,7).

Card tzati. - Random or mixed two factor interaction

One card must be provided for each active two factor interaction
where both factors are random (random model) or where one is fixed

and one random (mixed model). The content and format is identi

to Chat of card type 5; namely

Column
1-8

9-16
17-24

read in 3F8.4 format where

Content
FLIM(I,1)

. FLIM(I,2)
STD(I)

I = 8 if factor 5 and 6 both active and at least one is random

I = 9 " " 5 If 7 II II II II 11 11 9 II

I = 10 " " 6 " 7 " II II 9 II II 9 I1

These cards, if present, are to be in the above order.

Card type 7 - Random or mixed three factor interaction

There will be exactly one card of type 7 if and only if factors 5, 6

and 7 are all active mnd at least one is random. The format is

identical to card types 5 and 6 with I=11.

Card 8 -

There mus

Error definition card

t be exactly one card type 8.

a. In column 1-8 in F8.4 format the error standard deviation
(SIGMA) is punched. In arriving at a particular observatian
requested by a student, to Che sum of various incremental
additive effects (main and interaction), there is added a
variate selected from o normal distribution with mean zero
and standard deviation, SIGMA.

b. Column 9-16 contain the seed number for the r,ndam number
generator which generates the error deviates. This quantity

is read into NSEED. Since it is read in I10 format this

quantity should be right justified.

The occurrence of this card denotes the end of the set of
cards defining the instructor's model (Set A). Following

this are NSTUD sets of Set B defining eaeh student's
experimental design.



3. STUDENT SET 11

Each student's oxperimental design is comprised of the following
cards.

Card 1 - Identification

The first card of each student Set B is an identification card. All
information in columns 1-80 is printed on the output reports and is
punched in the corresponding punched output deck to provide identifi-
cation information. Exactly one card must be provided.

Card 2 - Desi n definition card

There will be exactly one card type 2 defining the nature of the
student's design.

a. Columns 1 to 7 specify which factors are acttve.

Column Factor
1 1.

2 2

3 3

4 4

5 5

6 6

7 7

In each column a

1 denotes a factor included in the student's design
2 denotes a factor dhat is not included.

These are read with 711 format into INCLD(I),I=1,7.

b. Columns 8 to 14 specify whether the student deems eaeh matn
effect factor active or random.

Column Factor
8 1

9 2

10 3

11 4

12 5

13 6

7

Enter in each column a

1 if the corresponding factor is considered fixed
2 if the factor is assumed random or if it is not active.

These are read in 711 format into KEY(I),I=1,7. Note that this
variable is used solely to print out the student's assumption but
does not affect the execution of the model in any way.
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c. Enter right justified in columns 15-19 the number of
observations which are requested. This is read in 14
format into variable NRUN. NRUN must not exceed 200.

Card type 3 - Factor level definition

There will be one card for each mein effect factor acttvely entering
the student's design. There is one card for each factor used by the
student whether or not that factor is defined by ehe instructor as
active. These are to be ordered in sequence of increasing factor
identification 1,1=1,7.

Column 1-2 contains (in 12 format) the number of levels of the
corresponding factor I which is read into LS(I). The next LS(I) two
digit columns contain the identification of each of these ISM
levels. This defines the levels which will be encountered on the
observation definition cards (type 4). These entries must be right
justified.

Column Identification of level
3-4 1

5-6 2

7-8 3

9-10 4

11-12 5

13-14 6

15-16 7

17-18 8

19-20 9

21-22 10

Only the first LS(I) levels should be defined.
These are read into LEV(I,J),J=1,LS(I).

If student specifies more levels than does the instructor
(LS(I) > LI(T)) and if the instructor defines factor I as fixed, an
error will be generated and the execution of this student's design
will be aborted.

Card type 4 - Observation definition card

There must be NRUN (specified on card 2) observation definition cards.
Each card deftnes for each observation the levels of each of the
factors deemed active by the

Column

student.

Levels for factor
1-2 1

3-4 2

5-6 3

7-8 4
9-10 5

11-12 6

13-14 7
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These are read in 712 format (and hence must be right justified)
into variable

IW1(L,I) for 1=1,7 and
ipl,NRUN

IW1(L,I) 5: LS(1)

One observation of the dependent variable is generated by STEXSEM
for each observation requested by a definition card. These
observations are generated from the levels of tbe independent
variables (factors) requested on that card. These cards should be
in the sequence in which dhe student wishes to obtain his
observations. This is the point at which randomization should enter.
There must be exactly NRUN type 4 cards.
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C. OUTPUT INTERPRETATION

Upon completion of execution of each student "experiment"
STEXStM produces two sets of output, one set for the student and
one for his instructor.

1. OUTPUT FOR STUDENT

The student is provided with a printout showirg for each
observation he has requested the levels of each of the factors he has
declared active (this is taken directly from the student's input
deck) and the resultant observation generated by STEXSIM. His output
sheet will be headed by a label containing the information in the
student's identification card (card 1). Appendix D1 contains a
typical such listing. This listing includes explanatory comments.
In this case the error variance is set equal to zero so that one can
observe the additive nature of the model.

If requested by the instructor's PUNCH control card, the same
information is provided in punched card form. The statement PUNCHED
OUTPUT SPECIFIED at the end of the printed output will alert the
student to the existence of a punched deck. This deck is headed by

one card containing Ehe identification card contents and a second
with a sequence number. Each experimental observation is on a single

card in the following

Col

format.

Content

observation
level lor factor 1

Format

1-10
11-14

F10.4
14

15-18 ft ft ft 2 14

19-22 If 11 II 3 14

23-26 If 11 11 4 14

27-30 e u e 5 14

31-34 u e u 6 14

35-38 u ft fl 7 14

These cards can be arranged in any desired order to satisfy
input specifications for any analysis routine Ehat might be used
to ccaduct the final analysis of variance of this data.

It should be noted that the student obtains information only
as to the levels used of factors he has defined as active. Levels
generated by LEVSEL for ignored active factors are given only to
the instructor.

2. OUTPUT FOR INSTRUCTOR

The instructor is provided with an identical copy of the
information provided to the student. In addition he receives
extensive additional information as to the exact model undeclying
the experimental results generated for the student. A typical such
output annoted with explanatory comments is included as Appendix D2.
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In the event that Ow student has ignored an active factor, a

second listing provides the instructor with complete knowledge of

which levels of each factor enter in the calculation of each

observation including those selected by LEVSEL.

Next for each of the 7 factors the instructor's deftnition as to

which are active; if active, whether fixed or random and the number

of levels is printed. This is followed by the comparable information

from the student's design. The student's specification of fixed/

random in no way affects the execution of STRUM but is provided

merely for information for the instructor.

Following these, the overall mean as specified by ehe

instructor is printed along with a "student value" which is the

overall mean corrected (by TRADJ) for treatment levels of fixed

factors which have not been used. This would be the "true" value

being estimated by the particular student.

The incremental treatment effects for active main factors and

all active interactions are printed next. For fixed main effects or
fixed interactions these are ehe specific values entered by dhe

instructor and would be the same for any student using ehe

particular model. However, for random main effects or random or
mixed interactions these are the results of the random selection

made in RTRT or RINTER. While they remain constant for the duration
of the student's experiment, a new selection is made for the

experiment of the next student.

The standard deviation for the residual error component is next

printed. It is followed by a listing of the adjusted treatment

effects for each of rho seven main factors. These will differ from

the values specified by the instructor if a student has used fewer

levels of a fixed active factor than are provided by the instructor.

This Ajustment (accomplished in TRADJ) is compensated in the

"student value" of the overall mean printed earlier.

The purpose of this added information for dhe instructor is to
assist him in interpreting to the student the model underlying the

generation of the observations he receives. This is the type of
information never available in real world experimentation and is,

therefore, one of the most valuable aspects of the STEXSIM approach

to teaching experimental statistics.
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IV. EXPERIMENTAL USE OF SIMULATOR

A. DESCRIPTION OF EXPERIMENTS

Tn order to test the model and demonstrate its versatility, 7

different "instructor" models have been formulated. These have been

tested by running several "student" experimental designs for each

instructor model. A total of 30 experiments have been executed.

These are identified in this section. The input for each instructor

model and student design are listed in Appendix E along with the

STEXSIM results for each and an analysis of variance run on the

resultant generated data in Appendices E and F respectively.

1. MODEL 1: To test a non-interacting two factor fixed model, factor

1 is active, fixed with 5 levels while factor 2 is active, fixed

with 4 levels.

a. EXPERIMENT 1A: The student specifies the same model as the

instructor with one observation per cell for a total of 20

observations.

b. EXPERIMENT 1B: The student again matches the instructor's
model but with 40 observations in order to show how
replication improves the power of design by providing ad-

ditional residual degrees of freedom (40 observations).

c. EXPERIMENT 1C: This experiment is the same as 13 except
three observations per cell are requested (60 observations).

d. EXPERIMENT 1D: In this design the student requests 5 levels

of factor 1 but uses 4 levels of factor 3 (which is inactive)

and ignores active factor 2. STEXSIM will generate random

selection of levels of factor 2. There is one observation

per cell (20 observations).

e. EXPERIMENT 1E: The student in
levels of factor 1, 2 and 3 to
fewer levels than instructor.

this design specifies three
demonstrate that he may specify
Factor 3 will not cantribute.

One observation per cell is requested (27 observations).

f. EXPERIMENT 1F: Factors 1 and 2 are
4 levels are requested of factors 5
randomly select levels of factors 1
observation (16 observations)

ignored conpletely while
end 6. STEXSIM will
and 2 for elich

2. MODEL 2: Instructor model 2 provides a test of a fixed two factor

interacting experimental situation. Factor 5 is fixed with 6

levels while factor 6 is fixed at 4 levels. All other factors are

inactive.
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a. EXPERIMENT 2A: The student specifies the same model as the
instructor with one observation per cell (24 observations).

b. EXPERIMENT 213: Same as experiment 2A except two observations
per cell tn order to make a direct main effects test (48
observations).

c. EXPERIMENT 2C: Same experiment as 2A except three
observations per cell (22 observations).

d. EXPERIMENT 2D: Same as 2A except four observations per cell
to demonstrate improved power of design which has more
replications (96 observations).

e. EXPERIMENT 2E: Student ignores factor 6 while using only 4
levels of factor 5. Student runs a one-way design with
five observations per treatment. STEXSIM generates levels
of factor 6 (20 observations).

3. MODEL 3: Model 3 demonstrates the role of blocking in reducing
the error means square in order to improve the precision of the
test. To accomplish this model 2 is used with dhe addition of
blocking factor 1 being entered as a random factor.

a. EXPERIMENT 3A: The student ignores factor 1 (blocking
factor) using two observations per cell of each of the 24
treatment combinations of 6 levels of factor 5 and 4 of
factor 6 (48 observations).

b. EXPERIMENT 38: In this design, blocking factor 1 is
utilized at two levels. There is one observation per each
of the 48 cells (2 x 24) which is equivalent to partitioning
the odo observations per cell of experiment 3A into one
from level 1 and one fvom level 2 of factor 1 (48
observations).

4. MODEL 4: This model provides a test of STEXSLM in simulating a
fixed fhree factor interaction experimental situation. Each of
factors 5, 6 and 7 is fixed at 3 levels each. Interactions 5-6,
5-7, 6-7 and 5-6-7 are each defined.

a. EXPERIMENT 4A: The student's design matdhes the instructor's
model with one observation per cell. The three factor
interaction must be assumed zero since it cannot be separated
from the error mean square (27 observations).

b. EXPERIMENT 41: This experiment also matdhes dhe instructor's
model but utilizes two observations per cell. The presence
of three factor interaction can now be tested since
replication provides a separate error measure (54
observations).
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c. EXPERIMENT 4C: The student in this design assumes factor
1 (at 2 levels), 6 (at 3) and 7 (at 3) rather than 5, 6 and

active. There are two observations per treatment
combination (36 observations).

d. EXPERIMENT 41): Factors 5, 6 and 7 are each considered
active but only two levels of each are utilized, three
observations per cell (24 observations).

e. EXPERIMENT 4E: The student calls factor 5 random and 6 and
7 fixed to show that it is the instructor's specification
of random/fixed, not the student's which affects the manner
in which STEXSIM generates data, 2 observations per cell
(54 observations),

f. EXPERIMENT 4F: Same as experiment 41) except one observation
per cell (27 observations).

5. MODEL 5: Irstructor model 5 tests a two factor random interacttng
model. Factor 5 is active at 5 levels and factor 7 at 4 levels.
Both factors are random.

a. EXPERIMENT 5A: The student matches the instructor's model
with one observation per cell (20 observations).

b. EXPERIMENT 5B: Same as experiment 5A but with tma
observations per cell (40 observations),

c. EXPERIMENT 5C: In this design the student ignores factors
5 and 7 using instead factors I (at 5 levels) and 3 (at 4
levels) with two observations per cell (40 observations).

d. EXPERIMENT 51): The student calls factor 5 fixed and 7
random. Be uses 3 levels of factor 5 and 3 of 7 with two
observations per cell (18 observations).

e. EXPERIMENT 5E: In this experiment the student ignores
factor 7 and uses only 4 levels of factor 5 with 4
observations of each level (20 observations).

6. MODEL 6: A daree factor interacting mixed model is tested by
specifying factors 5 and 7 as fixed at 3 levels each and factor 6
randomoilso at 3 levels. TWo factor and three factor interactions
are all specified.

a. EXPERIMENT 6A: The student's design matches the instructor's
model with two observations per cell (54 observations).

b. EKPERIMENT 6B: The student calls all factors random each at
three levels with two observations per cell (54 observations).
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7. MODEL 7: Model 7 provides a demonstration of the effect of
blocking in accounting for sources of variation. Blocking factor
1, 2 and 3 are defined as random while factors 5 and 6 each at
3 levels are fixed and interacting are the factors of interest.

a. EXPERIMENT 7A: In this experiment the student ignores the
blocking factors specifying 8 observations per cell of the
factor 5 by factor 6 complete factorial model (72
observations).

b. EXPERIMENT 7B: Blocking factor I is considered at 2 levels
with 4 observations per cell (72 observations).

c. EXPERIMENT 7C: Blocking factors 1 and 2 are each considered
(2 levels each) with 2 observations per cell (72 observatices).

c. EXPERIMENT 70: All three blocking factors, each at two
levels are included in the design with one observation per
cell (72 observations).
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B. STEXSIM RESULTS

Each of the 30 experiments described in the previous section

have been executed by the STEXSIM model. The input in Appendix E

when run produced the results in Appendix F. In order to conserve

space only the student output is shown. For each, however, the

instructor output described in Section TIM was provided. Sufficient

input detail is shown in Appendix E to permit one to replicate each

of these experiments. It is important to note, however, that because

of different random number generators on different computers the

specific results would be different as indeed they are with the

SUM/Buffalo computer when a different seed number is used.

The purpose of each of these 30 experiments was to test
different conditions under which STEXSIM might be required to

function. In each case STEXSIM accomplished specifically what it

was designed to accomplish thus demonstrating its ability to cope

with the wide range of problems for which it might be required to

function.
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C. ANALYSIS OF RESULTS

The role of STEXSIM was completed by the generation of the
results described in the previous section; i.e. the generation of
"data" from the 30 different experiments. However, for the sake of
completeness and to demonstrate the full sequence of activities in
the use of the simulator, an analysis of variance was run for each
of the 30 experiments.

The program used for the analysis was BMDO2V, Analysis of
Variance for Factorial Design - developed at the Health Sciences
Computing Facility, UCLA. It is documented in reference 2 . The
input to BMDO2V for each experiment was the punched card deck
provided by STEXSIM. The deck, as is the usual case, had to be
sorted into the sequence required by the analysis program. This
activity is exactly that which would be followed by an actual
student using STEXSIM.

The Analysis uf Variance Table for each experiment is included
in Appendix G. Hence, even if one did not wish to use the simulator
this report provides at least the data for 30 different complete
factorial problems with the appropriate analysis which he could use
for student problems, text examples, etc.

Careful review of these analyses reveals in several instances
results which are counter intuitive, where significance was
expected it was not found while where it should not be present it
did indeed appear. This should not be considered a weakness of the
STEXSIM model and its approach but rather is a reflection of the
sensitivity of the model's performance to certain key input
parameterJ. One of the factors surely is the random number
generator itself. Many systems simulation studies have witnessed the
contributory effect of this generator to the variability of response
variables. The others are the various values of treatment and
interaction effects and the magnitude of the error variance. In
addition the natural variability inherent in any experiment creates
unanticipated results at times simply because of the type I and
type II statistical error. The magnitude of unanticipated results
exceeds that which would normally be expected.

Research is currently under way to examine carefully the
effect of various parameters on model response. The basic model
used for this study is STEXSIM exactly as described in this rcport.

Let us consider briefly the results of each analysis.

1. Model 1: The results of experiment lA are as would be
anticipated with both active main effc ts shown to be
statistically significant at the .01 level. The level of
significance is surprisingly high however. In experiments 1B
and 1C, however, ir (40. h the experiment of 1A is replicated
twice and three tile, espectively, the observed error variance
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("within replicates") is unusually high causing significance
of factor 2 only in experiment lB and no significance in 1C.
ID produced anticipated results with no significance as the
result of the residual variance being inflated by the omission
of active factor 2 from the design. Reasonable results were
obtained in lE with the finding of significance for the active
factors and not for the extraneous factor 3 which was inactive.
A spurious interaction weared when it should not have been
present. 1F produced ag anticipated no significance of the two
factors included in the design since both were inacttve factors.

2. Model 2: Experiment 2A produced reasonable results with both
main effects being significant. However in 2B, 2C and 2D in

which 2A is replicated 2, 3 and 4 times respectively,
surprisingly, no significance WAS found primarily because of an
excessively large error variance estimate. This result is
comparable to that of IB and 1C and is the subject of current
investigation. 2E however performed as expected with signifi-
cance of the only active factor included in the design observed

by the contribution to error of the ignored other active
factor.

3. Model 3: The two experiments using model 3 gave precisely the
predicted results. In 3A the blocking factor is ignored thereby
preventing the experimenter from observing the significance of
the two active factors of interest. In 313, on the other hand,
the blocking factor is included in the design thereby reducing
dramatically the residual variance. Both main effects of
interest and their interaction were found to be highly
significant.

4. Model 4: In experiment 4A significance was found for each of
the three main effects. Ilmever, no significance was observed
for their two way interactions primarily because the three
factor interaction is confounded with the error and hence
provides an error estimate that is inflated. In 4B where it had
been anticipated that the three factor interaction could be
separately tested, the error variance is excessively large so
Chat all tests for significance were negative except factor
C which has the greatest effect on the model. The inflated
error of 413 is the same phenomenon observed in 1B, 1C, 2B, 2C

and 2D in which replication occurred. Experiment 2C gave
reasoncble results except for a very high level of significance
found for factor 1 which in fact was declared to be inactive.
4D yielded disappointing results primarily because of an
inflated error term (3 replicates in this experiment). 4E with
replication gives inadequate results although 4F without
replication pcovides a significant result for all active
factors with the exception of the 5-6-7 interaction which
cannot be separated from the error.

5. Model 5: Model 5 gives a test of a two factor random interacting
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model. Experiment 5A without replication provided a significant
test for factor 5 but not for 6. Since a random model, the
fact that the two way interaction is confounded with error is of
no significance. Factor 6 wtile active in the model has only
minor effect so Chat its lack of significance is not surprising.
5B, however, with replication surprisingly failed to show
significance for any factor or interaction. In 5C the student
ignores the active factors and includes two factors which are
inacttve. As wuld be anticipated, no significance was found.
5D with replication showed no significance of any factlr.
Ignoring one of the active factors in 5E precluded a significance
test on the other factor included in the experiment as would be
expected.

6. Model 6: In both 6A and 68 which are identical except for that
in 6B the student declares all three factors fixed when in fact
factor 6 is random, the student finds that the 5-6 interaction is
significant in 6A whereas in 6B, although the 5-6 interaction is
significant, he fails to detect it because of his improper model.
No other factors are found significant.

7. Model 7: Model 7 behaved exactly as predicted. In 7A none of
the three blocking factors are included in the design thereby
obscuring the test on the two factors of interest (5 and 6).
Similarly in 7B with one blocking factor included, ehe main
effects 5 and 6 and their interaction still are not found to be
significant. Two blocking factors are included in 7C which
provides a significant test on main effects 5 and 6 but not on
their interaction. 7D on the other hand yields significance for
factors 5, 6 and their interaction as well as significance for
the three blocking factors (although their test is not a matter
of interest). In proceeding from 7A, 7B, 7C to 7D ehe residual
variance is decreased each time as would be expected. In 7D
nearly all the total variance is accounted for.

The results of the analysis of this set of 30 experiments leads
to the conclusion that in general the results of the analysis of
variance were as anticipated with the majot exception that with
replication the error variance in nearly all cases unexpectedly
increased dramatically thereby obscuring most tests of significance.
This phenomenon is currently being investigated. Further, there is
an apparent relationship between the predictability of results and
the magnitude of the error variance componeat. These are listed for
reference in Table I . The factfhat Models 3, 5, 6, and 7 seemed
to behave best (except for the replication problem) leads to the
tentative conciusion that the smaller the variance the better the
results. This is a reasonable conclusion for as the contributian of
the error variance approaches or exceeds that of a main effect, the
two are likely to become confounded. This phenomenon is also being
investigated further.
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Table

Actual Error Standard Deviation

Model SIGMA

1 0.750

2 1.250

3 0.005

4 0.250

5 0.150

6 0.001

7 0.010
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V. CONCLUSIONS AND RECOMMENDATIONS

The Statistical Experiment Simulator (STEXSIM) has been
designed, developed and tested. This report has described these
aspects of the model in sufficient detail as to permit someone else
to utilizt the model for his own uso.

The model was conceived originally as a teaching device in
which the capabilities of the digital computer are exploited to permit
the integration of the design and analysis phases of statistical
training. It has been structured to permit an instructor to specify
a statistical model which then generates "experimental" results for
each student according to the student's experimental design. In
nearly all ways it is for the student an experience analogous to
collecting actual data in a real world experiment with two major
benefits not attainable in real world experimentation. First, be
can run an experiment quickly and at negligible cost thereby
permitting many design experiences. Secondly, his instructor has
complete knowledge of the underlying additive model which has
generated the student's data. This is invaluable in itterpreting
results but is never available in real world experimentation.

While highly successful in accomplishing this original design
goal, a number of other secondary benefits have become evident as
the model development has evolved. Foremost among these is the role
of STEXSIM as a demonstration device. An instructor in a course in
experimental design could use the model to demonstrate certain
concepts he might be covering without the student actually having to
submit a design of his own. Experiment 7 is a good example of bow
an instructor might demonstrate the role of blocking in improving
the power of a design. Beyond its demonstration role STEXSIM is
already establishing a place as a research tool and as a generator
of standard "text book" problems.

To test the STEXSIM model seven "instructor" models have been
formulated each of which has been used to generate data for from
twO to six "student" vNperimental designs. In total 30 different
experiments have been run and analyzed in order to test as many
aspects of STEXSIM as possible. These have each been described in
previous sections. Each of these experiments were complete
factorial designs with equal cell sizes. This wras done so as to
utilize a particular analysis routine. However, there is nothing
inherent in STEXSIM which requires the use of a completely balanced
design. STEXSIM generates an "observation" for a single specification
of various treatment combinations to be controlled for that
observation. Therefore the flexibility of STEXSIM permits any
experiment which has an underlying factorial model. It can be used
for fractional designs, Latin Squares, Graeco-Latim Squares, etc.
Furthermore it can aid in the study of the handling of unequal cell
sizes or missing observations.

The analysis of these 30 experiments pointed out certain
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problems in the selection of parameLer values to be used in the
model. These center primarily on the relationship of the magnitude
of the error variance to the magnitude of incremental treatuent
effects. Difficulties were particularly evident in replicated
designs in which treatment effects are becoming confounded with the
error term. The problem quite clearly is with parameter selection
and not with the STEXSIM model. Accordingly, research is currently

underway on parameter selection.

Further research is recommended and is currently planned to
extend the STEXSIM model to handle unequal variances, non-normality
and other designs for which a diffetant model structure is needed
as nested designs for example. In addition it is planned to add a
time dependent factor which will contribute an effect to an
observation proportional to place of that observation in the sequence
of samples in an experiment. This will permit the explicit
inclusion of the effect of randomization. If a student failed to
randomizeothis time dependent effect (with proper parameter values)
will be confounded with a possible main effect perhaps giving a
false indication of significance of that main effect. With
randomization the time factor can be confounded with the error.
With blocking and randomization he should be able to remove it from
error and mein effect thereby providing a correct test for
significance.

The concept of STEXSIM is supportive of the manner in which
experimental rtatistics is taught in an applied discipline (as
engineering,psychology, education, for example). In these areas a
student generally gains understanding of concepts primarily through
experience, both personal and vicariously through demonstration. He

also learns appropriate theory but yet there remains the philosophy
of learning by doing. This is contrasted to the learning of
statistics from a theoretical point of view in which understanding
of concepts arises through mathematical processes rather than
experience. Both forms of teaching are appropriate but it should be
recognized that they each utilize different methodologies for
different audiences. STEXSIM's role is clearly in the area of

applied statistics.

The term Computer Aided
in the area of programmed ins
approach of STEXSIM is a new
should be exploited.

Instruction (CAI) has evolved primarily
truction. It is believed that the
and powerful form of CAI and one which
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GLOSSARY OF VARIABLE DEFINITIONS
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VARIABLE DEFINITION
1

1. First defined in instructor input section of MONITOR

IACT(I) =

IFLAG(I) =

LI(I) =

FNU =

NSTUD =

AI(I,J) =

BI(IC,L3,L4):

1 if factor I is active in model
2 if factor I is inactive

1 if factor I is fixed in model
2 if factor I is random or not used

number of active levels of factor I

overall mean

number of students for whom input designs
(Set B) are pravided

additive intremental effect of Jth level of
factor I

matrix of incremental 2 way interaction effects
of interaction IC where

IC = 1 for interaction 5-6
2 " II 5-7
3 II

6-7
L3 = levels of first factor
L4 . " " second factor

CI(L1,L2,L3): matrix of incremental 3 way (5-6-7) interaction
effects

Ll = level of factor 5
L2 = level of factor 6
L3 = level of factor 7

IN(K) = 1 if interaction IC is active and has a random component
0 if interaction K is inactive or if active is fixed

where K = 8 refers to 5-6 interaction
rs 9 " 5-7
= 10 " " 6-7 iv

= 11 " " 5-6-7 "

NST = identification of student currently being
processed
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FLIM(I,1) = lower limit on random effect for factor I

FLIM(1,2) a upper "

STD(I)

ft ft tt I, It

.= standard deviation of random effects component
for factorI (effect selected from
N(0,STD(I)2)

where I = 1,...,7 for main effects I
= 8 for 5-6 interaction
= 9 " 5-7 ft

= 10 " 6-7 ft

= 11 " 5-6-7 "

SIGMA =

NSEED =

PUNSW =

standard deviation of error component (error
selected from N(0,SIGMA2)

random number generator seed

contents of first three columns of punch
control card (PUN for punching, anything else for
no punching)

2. First defined in student input section of MONITOR

NAME

INCLD(I)

KEY(I)

stores alphanumeric contents of student's
identification card

= 1 if factor I is deemed active by student
2 u t It n not active by student

= 1 if factor I is assumed fixed by student
2 u ft ft ft ft random " "

NRUN = number of observations requested by student

LS(I) = number of different levels of factor I used
by student

LEV(I,L) = identification of Lth level of factor I
(L LS(I))

IW1(L,I) = level of factor T included in observation
request L

= 0 if factor is not deemed active by student

IW(L,I) = level of factor I used to generate observation
L (includes model generated levels when student
fails to use all active factors in addition to
IW1(I,J)

= 0 if factor is not active nor deemed active by
student
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IA(1) 1 I I factor 1 1:4 fixed active factor used by
student

2 if factor I is fixed active factor not used
by student

3 if factor T is random active factor used by
student

4 if factor T is random active factor not used
by student

5 if factor I is not an active factor

ISW: a printing control switch

0 if student does not ignore any active factor
1 if student has ignored any active factor

YD(L) = Lth observation of dependent variable

3. First defined in TRADJ

FMSS: adjusted mean equal to FMU compensated for
student not requesttng all levels of each fixed
factor

AS(I,J): similar to AI(I,J) except adjusted for any levels
of fixed factor I which are not included in
student's design

BS(IC,L3,L4): similar to BI(IC,L3,L4) except adjusted for any
levels of fixed two interacting factors not
included in student's design

CS(L1,L2,L3): similar to C1(L1,L2,L3) except adjusted for any
levels of fixed three interacting factors not
included in student's design

IOUT 1 if no errors encountered
2 if LS(I) > LI(I) for any fixed main effect

I (to abort execution of student's model)

ADELTA(I) adjustment needed for each level of main
effect I

BDELTA(IJ) = adjustment needed for eadh cell of following
two factor interactions

IJ = 1 5-6
. 2 5-7
= 3 6-7

CDELTA . adjustment needed for each treatment combination
of 5-6-7 three way tnteraction
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4. First defined in subroutine AMEAN

FMS = observation of dependent variable before
error has been added

All other variables are defined and ased locally within the various
subroutines.
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APPENDIX B

STEXSIM PROGRAM LISTING
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PROGRAM MONITOR (INRU1,CUTPLT,FLNCM,TAPE7=FUNCH,TARESeINPUT)

COMMON/INTGR, IACT(7) ,IFLAC(?) ,L1(7) ,Tsw,Ih(11),tNcLr(7),
1KEY(7) ,LEV(7,10) ,L5.(7) ,tis1(:on,7),TA(7 ) ,I14(zGao.),NAkE(ee)

COMmON/RZEL/ A1(7,10) 01(3,10,10) ,C/(10,10,10) ,AS(7,10),
01(11,10,1U) IOS110,10,10) O'LIM(11,2),STC(11),ACELTA(7),
2tIDELTA(3) ,COELTA ,OUT(1(114) 0g100),YD(200),RUNSW,SIGMA

INSTRUCTOR INPUT CAI,' SECTION) STATEMENTS 101117

RCAD SWIrCH TO CONTRCL FLNC),ING
REAL) 105,PUNSW

105 FONMAT(A3)
9999 CONTINUE

ISWn0
READ InT,IFLAG,L1 netEs ANC GENERAL MEAN

READ 101,(IACT(J),J*197),(TFLAGIO,J=1,7),(LI(J),J21,7),FPUINSTLC
161 FORMAT (711,71197I2,R10.4,I2)

IF(EDF,5)5E0,'351
550 CALL EXIT
55/ CONTINUE

REAC AI,BIICI TABLES
DO 400 I:1,7
DO 400 J=1,10

400 AI(I,J)=0.0
DO 401 1%1,10
DO 401 J=1,10
DO 40i 01,3

401 BI(K,I,J)21.0
DO 402 I'41,10
DO 402 J%1,10
00 402 01,13

402 CI(I,J1104:0.)
IKST READ AI TABLE,1.t,,MA1N tFFFCTI1

DO 10? L41,7
L1411ACT(L)
GO TO (103,102),L1

/03 OIFLAG(L)
GO TO (213,1)2)0

213 M4LI(L)
Rr;AO 1w4,(AI(L,J),J21,M)

104 FONMAT (10Fis4)
102 CON1INUE

PRINT 100,CIA(;1(J),J=1,7),(1F1AG(J),Jz1,?),(LI(J),4=4,7),FPLINSILC
/06 FORMAT (1111,711,711,712,1-10.4,12)

MAC BI TABLE, I.E., TWC WAY iNTERACTIONS

on 116 Li=516
Nt,L14.1

DO 110 L11,/
I%fACT(L1)*IACI(12)
!VINT 99, 1.19L2,1ACT(L1),TACI((2),I5

99 FOR1AT(I5)
IF(IS..211/111.10,110

111
IR(IFLAG(L1).NhelsCF.IFLt6(1.2).NE.1) GC IC 210

ii-.CL1.L2j5)10)9107,108
106 IC4/

GO TO 109
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0

107 IC:7
(.0 70 191

/08 IC:"!

11:9

CO 1?1 1.3=101
c-RINr gi, 1.11L2rIAC7(1.1),IACT(1.2),IS,H1012

98 For,MAT(7/8)
REAC 1041(4I(IC,L3,14),1A=1,142)

121 CONTINUE
110 CONTINUE

REAC CI TAAE,I.E., *THREE WAY INTERACTION
IF(IACT(5)*IACT(E)*IACT(7)2)112,1140/14

112 IF1IFLAG(5)4IFLAG(6)'1FLAG(;).NE.1) GO TO 11(e
NI=LI(5)
NE?r-LI(6)

N3=1I(7)
DO 113 L1=1011
00 113 L2111,N2
READ 104,(CI(L111.20.3),C3=1,N3)

113 CONTINUE
FEAC 1-AN004 EFFECTS FACTOR CA7A

114 DO 117 J=1,7
K=IACT(J)
GO TO (116,1/1),K

116 K=IFLAG(J)
GO TO (1119115),K

115 READ 104,(FLIM(J,K),K=1,2),STC(J)
117 CONTINUE

DO 315 K=8,11
315 I4(K)=0

READ TWO WAY INTERACTION IF EI7HEF FACTOR IS RANDCM
CO 311. L1=5,6
N=Lifi
DO 31C 1.2=14,7
!F(IAC1(L1)*IACT(L2).NE.1) GC 7C 310
IF(IFLAG(1.1).EO,I.ANC.IFLAGIL2).EC.1) GO TO 310
IF11.1*1.2-35) 36,407,304

306 IC=8
GU TO 309

30/ IC=9
GO TO 309

308 10=10
309 IN(IC)=/

READ 1v40FLIN(IC,K),k?1,2),S7CUC)
310 CJNTINUE

VAY VAFIANCE CCPFCNENT
Ii:(1ACTO)-4y14OT(C)3TAL7(712) 312,314,4/4

312 IrtIFLAG(5)*IFLAt(l:)4IFIAG(7).EC.1) CO TO 314
in4,(FLIN(li 00,41(n1,2),SIC411)

/
07:AC 120,SIG1AO'UCC

120 FORMAT (W8.4,,Y0)

STUCENT 0.TA INPL1 SECTION

/r
00 c3r4;T:z1,NITUD
fe:r0/2191(MAlE(I)9141,80)

210 FOVAT (JOAO
20.,(INI:LO(J),..1:1,7),(KEY(4)04117),NRUN

P-1(11.)'nt

314 CONTINUE
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201 FORMAT (7/1,7/1,15)
INPUT P.OMBER LEVELS ANC ACTLAL LEVELS FOS FACTORS LSED
00 202 K=1,:'
ISaINCLO(K)
GO TO (204,212),IS

204 READ 203,M,(LI,V(X,J),J104)
LS ( =ti

203 FORMAT 112,1012)
202 CONTINUE

/NPUT SET OF EXPER. CCNC. FCR OESERVATIONS

READ 205,WW1(I,J),J=1,7),I=1,NRUN)
205 FORMAT ( 712)

00 f.23 I=1,NRUN
DO 124 Jii,7
IF (IW1(I1.1).E0.0)/W1(I0J)v0

123 CONTINUE
CONSTRUCT IA(J) TABLE FROM SILDENT DATA
00 1 Ja107
LrIACT(J)
GO TO 12031,L

3 VW/m.5
CO TO 1

2 L=IFLAG(.1)
GO TO (415),L

4 IA(J)=INCLO(J)
GO TO 1

5 TA(J)=2+INCLO(J)
1 CONTINUE
GENERATE OMITTE0 CM: CCNSTRLCT Asons,cs Tames
00 20 Mi = 1,200
00 24 M2 = 1,7
IWCM102).= 0

20 CONTINUE
00 10 J21,7
K1=IA(J)
DO 15 I=10NRUN

15 1W(I,J)=/141.(I,J)
GO TO (611,8,9,10),X1
FIxEn, AOTtVE FACTOR USED BY E[UOENT

6 GO TO 10
FIXED, ACTIVE FACTOR, NCT USEC FY STUENT
CALL LEVSEL(JORLN)
1501
GO 70 10
RANDOM, ACTI11:. FACTCR USTL EY :ILCENT
r,ENERAlE TRLATMENT ErFECTS FOS FA(TCR J

8 PALI. PTRT(J)
1,1 TO 10
RANDOM, ACTUE FAC;C NC USE/ EY SILLCNT

9 CALL LkVSEL(J,NRUN)

CALL PTRT(J)
GO TO /0

10 CONTINUE
GENERATE LFHGTS FOP IN1LRACTI0N(3 IF gAN0CM OR MIXEC MCGEL
00 '.:AG KLtd,11.

(IN(K).NC.1) GO TO 510
CALL RINTrR(K)

510 CONTINUE
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CALL TRA1JCI0UT,FpUtFrSS)
GO 10 (118,)99),IOL1

COMPUlE EMPE4ICAL CiT,.t FCR WERIPENT

118 DO 11 L=101kUN
CALL AWAN(LIFMU,FF5)
YO(L)-zrii;*RNOPM(SI(YAIWikED)

11 CONTItiE
CALL OUTPUT ( MST,(ALN,FMU,FeSS)999 COM-INV.

GO TO 9999
ENO

SUBROUTINE TRA0J(I0LT,F14U,FMSS)

COMMON/ISTGR/ /ACT(7) fIFLAG(7) ILI(?) ,ISWII/N(11),INCLC(7),1kEY(7),ILEV(7910) 1LS(7) )I%1(200,7),IA(7 ) 9IW(2000),NAME(80)COMMON/REEL/ AI(7,1() g21(3,14,10) ,CI(10,10,10) gAS(7,10),18S(3110,10) pCS(10,109113)
,FLIM(11,2),ST0(11),ADELTA(7), .2BOELTA(3) ICJELTA 9CLI(1(910)

0(10J)00(200),PUKSW,SIGMA
fN.) 10U I:117
DO 101 J:1,11)

100 ASCI,J)=.J.0
DO 101 1=1,10
00 101 J=1,10
00 1%11 K=1,3

101 8S(K,I,J)=0.0
DO 102 I=1,1J
00 102 J=1,10
DO 102 K=1,13

102 C!3(I,J,K)=0.4

ADJUST MAIN .:EFFECT TREATe.ENTS

FMSS=FMU
IOUT=1
001 I=1,7

IF(IACT(I)*IFLAG(I)-2) 24,1
IF(LI(I).LS(I)) 3,415

3 RRINT89I
IOUT2

8 FOTIMAT(' FACTOR 4,1:',* NC. LEVELS LSE0 IS TOO HIGP4)GO TO 1
4 AOLLTA(I)=0.4

N=LitI)
DO 7 K=1,14

AS(I0()=A1(I,K)
7 CONTINUE:

GO TO 1.

9 N=LS(I)
FN=N
SUM=0.0
006 K-AIN
K1=LF.V(t,K)
r.UM-5UM,4I(I0(1)

6

A1)ELT1 (1)=c;U1/FN
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EmSsm. FMSS * APELTAtI)
00 9
K1,!LEV(1,10
AS(1,104AI(I,K1)...A0ELTA(1)

9 CONTINUE
/ CONTINUE
GO TO (20,62),1001

ADJUST 2...NAY INTERACTION TERMS

20 00 21 I1w5,6
IltI1+1
CO 21 1231II?
IF(11,012-35) 33,34,3!

33 /J=1
GO 70 22

34 IJ=2
GO TO 22

35 IJ=3
22 IF(IACT(I.1)*IACT(12)*IFLAG(/1)*IFLAG(I2)..2) 2.3,21,21
23 I3=1I(I1).LS(I1)

IF(I3) 24,25,25
25 Nir-LS(I1)
26 Ir(LI(I2)-LS(I2)) 27,28129
27 PR/NT8,I2

/OUT22
GO TO 21

24 PRINT8o/t
IOUT*2
GO TO 26

28 IF(I3) 21,36929
36 N21:LS(I2)

00 30 K13$1,141
00 30 K2=1,N2
noCLTA(td):10,0*
OS(IJIKI,(2)30I(IJIKI,K2)

:4 CONTINUE
Ou TO 21

29 NZgLS(I2)
SUM-:0.0
RoN14N2
00 31 K1=1,111
DO 31 K2=1,NZ
K3-7LVVII191(1)
K4gLEV(I2,1(2)
FUM=SUM+OI(IJ,K30(4)

!I CONTINUE
HOUTA(IJ)=SUM/FN
rmss m FMSS * EICELlA(IJ)

00 .32 K1=1,N1
00 Z!! K2=102
10.1.EV(Iill(1)
K4.11V (Ie042)
OglIJ,K1,K2)30ICIJ)143,100-0CE4TAMA

??. NNtINUE
it CoNTINUE

60 To 040,60,100
AAJwir 3-wAY INTEPALTIONS
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(do

4,

4

0

:

da,

dW

15=7

IC=PA.TIIi)vIACT(1?)*1AC1t11)
IB=D;LAC(I1),IFLA'AtZ)*IFLACtI.3)
IrtIC'11:n 41,62072

42. IF(LI(11)-LS(I1)) 4243,i,4
42 PRINT 15,11

IOU1=Z
GC TO 62

43 IA0J=1
GO TO 45

41' IADJ:12
GO TO 45

41; IF (If -4.' ) 1st tiie oil
4h Pk!IN1

1001
GO 10

47 IA0J=2
GO TO 48

48 IF(LI(I3)LS(.13))49,S19SL
49 PRINT 8,13

100=2 .

GO TO 62
SO 1ADJ:.12
51 N1=LS(I1)

N2-111.S(I2)

N3=IS( I3)
GO TO (52053)0/%0J

52 CDELTA=0.0
DO 54 It1,N1
00 54 J=102
DO 54 K=5.03
CS(19J,K)=C1(I,J,K)

54 CONTINLE
GO TO 62

53 FN=Ni'N2*N3
SUM=11,0
DO

1,;i1

"4

K6=IEv(I5,K3)
SUM=SUM+CI(K4,K50(6)

55 CONTINUE
COUITAUM/FN
FMSS 7 EN;S CCFLTA

00 .56 KI=1,111
00 r..)6 et:!:1012
00 56 1%3:41.05

EV(II.,K1)
K5=.1.EV(I,K2)
1(511LZVCI30(3)

CS(K110,10)=CI(1(4,RS,KE).CCELTA
56 CONTINUE
62 RETURN

END

SUOROUTINC LZ10,11. (j,NPLN)

59
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COMMOM/rMTGR, TACT(?) OFLAC(7) 10(7) IMitIN(11),INCLCM,
1KE1(7) pLEV(T,111) ILS(7) 01h1(200,7),IA(7 ) 11W(200,7),NAME(80)
DIMENSION ISEL(10),FR(10)
DATA LSEED/9199/

C CLEAR USE COUNTER
00 i Kz1,/13

1 ISEL(K)*1
C FORM CUMULAlIVE DISTRIEUTICN

KLIM=LI(J)
FACT%1.00FLOAT(KLIM)
00 2 K.119KLIti

2 FR(K)=FACT.FLOAT(K)
DO 3 L*11NRUN

C MAKE SELECTION
XR=RNO(LSEEP)
DO 10 LEVEL:4.91C
IF(KR.LE,FR(LEVEL)) GC TO 2C

10 CONTINUE
PRINT*100

100 FORMAT (1)(1*FAILURE 7C MAKE SELECTICK IN LEVSEL4)
LEVEL * 10

20 IW(L,J) 11 LEVEL
3 ISEL(LEVEL)*2

NLEV*0
DO 30 01,10
IisISEL(K)
GO TO (30,31),Il

31 NLEV2NLZ.V4i
LEV(J,NLEV)=K

30 CONTINUE
LS(J)=NLEV
RETURN
ENO

SUBROUTINE PTR1(..1)

COMMON/INTGR/ IAC7(7) $11-LAC(7) pLI(7) II5NIIN(11),INCLD(7),
1KFY(7) pLEV(7,10) ILS(7) 9/t.1(100,7),IA(? )

COMMON/REEL/ A1(7,10) ,E1(311t;p1(1) ICI(10,10,111) OS(7,10),
ieS(3,10,1(J) ,CS(10,11,10) ,FLIP(11,2),STC(11),ACELIA(7),
2SOELTA(3) ICOELTA IOUT(1(piG) 0(100)00(200),FUNSW,SIGMA

DATA LSEED/1111/
K'LI(J)
ST210(J)
LOWIrFLI1(,111)
HIGH'FLIM(J,,!)
DO 1 LlIt0(
DO 2 II141,10UU
EF = FNORM t,LSEEC)
IF(FroLT.LOW.OR.EF.GTOIDH)GC IC 2
GI 10 it

2 CONTINUE
PRINT 1.01,J

101 FORMAT(' FAILURE TO SELECT RANDOM FACTOR IN RUT FCR Je,05)
M:TURN

11 AMJIL)=EF
1 CONTINUE
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a.

ki TORN
ttIO

alpTL:UTINE PINiFU(K)

DOMMON/INTGR/ 1ACT(7) 1,1FLAC(1) ,L1(7) ,TSW,/h(11),INCLC(7),1KEY(7) IILEV(7,1u) ,LS(7) 111.1(20077),1A(7 ) 11111(200,7),NAME(80)COMMON/REEL/ Ali ,V) tfiCIIIC110) ,O1(10,1C110) IAS(7110)111PS(.,10,10) ,(;(*),10,/0)
1FLIM(1112),SIC(11),ACELIA(7),ZOOELTA(3) ,C0:LiA ,C111(11.11C) 0(100)00(200),PUNSW,SIG1'A

CATA LSEE0/71117/

LON=FLIM(K11)
HIGH = FLIM(K12)
ST=STO(K)
GO TO (1,111,1,1)1,1,80,10,11)01 RETURN

8 M1=5
H2=6
IC=1
GO TO 80

9 Ml=b
W-;/

" Iti fin

10 M176
M2=7
IC=3

80 LI=LIIM1)
L2=LI(M2)
DO 51 I=1,L1
00 81 J=1,12
DO 82 11=1,1000
EF=FN0RM(STILSEE0)
IF(EF.LT.LOW.OR.EFeLihIGF)GO TO 82GO TO 95

82 CONTINUE
PRINT 101,K

101 FORNAT (' FAILUke TC SELUCI RANCE!' FACTCA IN PINT2R FOP Wy15)P7TURN
95 BI(IC,I,J)=EF
81 CONTINUE

RETURN
11 LT=II(5)

L:=LI(5)
LA:t1Ii7)
00 441 1.11,11
DO "0
00 "0 MCK-1,13
00 12 n=tpuo
EF=Tf-N0Q4(ST$1.21,E0)

IF(0-..T.T.LOW.OP.C.F.1.T.H1(4.)C0 TO S2CO r0 93
ci2 CONTINUE

Prerta 10111(
F;;TURN

13 CI(I,J,KKK)=F
90 CON1INUE

.66
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4

A

1 1, CHANGES /N MEAN CUE IC 2ND CRCER INTERACTICNS

RCTURN
ENO

SUBROUTINE AMEANUOPL,FMS)

COMMONPNTGR/ IACT(7) ,IFLAC(7) ,1I(7) 91SW,IMIA,INCLC(7),
tKEY(7) ,LEV(711L) IILS(7) 0.1.1(2000)9/A(7 ) ,114(0,7),NAME(e0)
COMMON/REEL/ AI(7,1b) 1E1(3,10010) ICIC10,1000) ,A(7,10),
1US(1110115) ,US(10,10,10) ,FLIM(1192).STU(11),ACELTA(7),
200ELTA(3) 9COELTA ,CUT(1(liC) 0(100),Y0(200),PLNEN,SICHA

CHANGES IN MEAN CUE IC MAIN EFFECTS

FMS=FMU
CO i It1,7
LLtIACT(I)
GO TO 12,1),LL

2 II= IW(L0I)
FMS=FMS4AI(1III)
CONTINUE

CHANCES IN MEAN OLE 10 1ST CNCER INTEFACTIONS

DO 3 125,6
11=14.1
00 3 JsI107
IF(I*J35)4016

4 IJt1
GO TO 7

5 IJ112
GO TO 7

6 IJ=3
7 tF (IAC1U)4IACT(J)2)B9303
8

L2t1W(LIJ)
FNS'FMS4.aI(IJ0.1,42)

3 CONTINUE

411111

IF (IACT(5)*IACT(C)*10C1(7).-.2) (3,10,11)
9 1.1.2IW(L15)

L2aIR(LI6)
L3=714(107)
FMSzrMSI.CI(L19L;!,L3)

10 Rt.:TURN

ENO

4.

SUMROUTINE CUTPUT(NSTOFLNIFhL,FNSS)

COMMON/INTGR/ IACT(7) gIFLAC(7) ILI(?) ,TSW,Ih(ti),INCLC(7),
1KEY(7) ,LEV(ll1U) 10(7) ,I4,1(2000),IA(7 ) lOW(217017),NAPE(80)
COMMON/REEL/ AI(/110) IEI(3,1G,10) lCic11'l10,1n) OS47,10),
InC(3,10,10) IL:F(111,10,10) ,FLIM(1112),Sit;(11),ITCLIA(7),
2BOLLTA(3) ,CJiJrA ,CL1(11.)1C) ,Y(100)0C(200),PUN2INIEICMA
.CIKNSION ICWIE(134)
UATA IASK/1H./IIELANg/1M /,IFLUS/1HAWUNIZMPLN/

62
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4

a.

PUNCH SE1MENT FOR GENERATED EAU

IF (PUNi4.NE.PUN) (.0 TO 999
DO 71 J1=1,80

71 1CC(J)=Ib1US
PUNCH 721(ICODE(.),J11980

72 FnPMAT (A('A1)
PUNCH 729(NA4E(I),I=1,8C)
PUNCH 73,MST

73 FORMAT (I10)
PUNCH 709(YO(L),(IW1(19.1),J=1,7),L=1,NRUN)

70 FORMAT ( (F10.4,7I4))
999 CONTINUE

OUTPUT SEGMENT FCR GENERA7EL CATA; Th0 COPIES

PRIHT RUN IDENTIFIFF
DO 81 Il=1,61)
IF (NAME(IB).NE.IELANK) CC 7C 82

81 CONTINUE
I1=1

82 DO 83 1=1,80
IE=81-1
IF (NAME(IE).NE.IELANK) GO IC 84

83 CONTINUE
IE=80

84 IE=IEf4
PROVIOE TWO COPIES
00 64 K=1,2
PRINT 101

101 FORMAT (1Hi)
00 SI: I=104

80 ICCUE(I)=IBLANK
00 e6

86 ICW7E(1)=IASK
PPIN1 1031(IlOCF(I)021,64)

103 FORMAT(3/X,84A1)
DO 87 In104

87 ICO0E(1)':I9LANK
ICOCE( I1)=TASK
Tr:CnTAIE)--zTASK
PPINT 1113,(ICOLE(1),I=1,0)
00 Ad L=1,30

8d icf.Cv.(If:!)-INAMI:(I)
P;u:,E(14)=IASK

PRINT ..7.7),NST,(IC0CL(1),1=1,84)
63 FOE:1AT (1H 93X)4STUCENT NU1EER*II5,6)(04A1)

00 m.1) I.:10)4
89 r;fli,E(7)=IDLANK

IM;E(I1)=IA3K
ICFAAI7)=IA3K
PRINT 1:131(ICOCE(I),I=1,84)
DO 90

90 TO((I)=IAS
PRINT 133,(IGOCr(1),I=1,84)
P.ZINT 112

102 FnRVAT(///)
PRINT 69

60 FCaPAT (.5)(1*F1'CT:R LEVELS49/12)(9403SERVATICN 1 2

63



1/2 A.Alraosiao.. *A. A ...AAA.

1 3 4 6
00 61 L=1,NRUN
PRINT 62, 1,Y0(1),(I141(10),J=1,7)

62 FORMAT (6X,I41F10.4,7(Ie92X))
ei coNTNue

IF(FUNSW.NE.PUN) GO 1C 102
PRINT 300

30.1 FORMAT (1HU14PUNCPEE CUTIUT SFECIFIF.C*)
GO TO 64

302 PRINT 30/
301 FORMAT 11H01'NO FLNDMEC LUTFLIvT
64 CONTINUE

7419/1)

PRINT FACTORS USEC INCLIAINC TMCSF GENERATED BY FCCEL

IF(ISW.EnsOT GO TC El
65 FORMAT (1110,5X,4FACICFS USEC EY MCCCL IF CIFFERENT')

PRINT 65
PRINT 60
00 E6 Lt1,NRUN

66 PRINT 62tL,YOTLT,(IVN(L,J),J=1,7)
ISW20

PRINT INSTRUCTOR DATA; FACTCRS INVOLVED

6? PRINT 530
530 FORMAT (//p5X0*INSTRUCTCR I

PRINT 531
531 FORMAT T5X,' FACTOR tCT1VE

DO 20 J=1,7
I*IACT(J)
GO TO (21,22)11

21 I=IFLAG(J)
GO TO (23,24),I

23 MINT 532.,J,LI(J)
532 FORMAT (101,//f4X,* YES

GO TO ZO
V, PRINT 5331j1LI(J)

533 FORMAT (1UX,I104X,* Yr.3
GO TO 20

22 PRINT 534,d
5'24 rORMAT (10XII1,4X,* fq:*)

GO TO ZO
20 CONTINUE

140 p FACTCRS INVOLVEC40/)

G PRINT STUDENT DATA, FACTCRS USEC

TYPE NC. LEVELS *I/ )

FIXED 49EXIII2)

RANOCM *pfX,12)

PRINT 535
tilt; rORMAT ( //f5X)*SIUCEIkT INPLI FPCTCPS U:EC4,//)

PR/NT ti36
6,56 FORMAT CiX.* FACTOR USCC TYFC NC. LEVELS

11-EVELS USEO*,/)
00 Jzil?
13INCLC(J)
r,0 TO (2612(),I

26 IAKEY(J)
GO TO (28,20,1

ZO MlLS(J)
MINT 5371.1.W.:(J).(1.V(,..10,111")

riA ijiMAT YES v.6X,I216X.10I;)
(,O TO 25

64
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a wist...1)
53,,J,Lso),(LEut.,K)02101)

538 FOKMAT (1LX,I1.4X99 YES RthCCM 9.EX.I2.EX.1015)
u0 f0

27 PRTNT 514 .J
539 FO;IMAT (10X,I114419 NO9)

GO TO 25
25 CONTINUE
3J PRINT 54015MU.FMSS

540 FORMAT (//,5A1904ERALL 11%ERtGE*1//,10,4INSIRLC1G5 YALLE4010.20
1/.10X.+STUOENT VALUE 9,F1C.29//)

PRINT INSTRUCTOR INFLI, *AI9 MAIN EFFECTS

PRINT 550
550 FORMAT (5X.4INSTRUCTCP INPUT4./p5X,YELCCK1KG ANC PAIN EFFECTS41/1)

PRINT 551
551 POPMAT (5X,4 FACTOR NO. LEVELS TRT. EFFECTS40/)

DO 40 1=1)7
K=IADT(I)
GO TO (41,40).K

41 Ni=LI(I)
PIZINT 55211.11,(A1(19J),J1:11M1)

552 FORMAT (10X,I1,10X,12,8N,10F8.3)
40 CONTINUE

PRINr INSTRUCTOR INPUT, +819 TWO..NAY INTERACTIONS

PRINT 553
553 FORMATT//5WINSTRUCTER INPL7*/5X0M0 WAY INTERACTION EFFECTS4)

CO 42 Ii=5,L,
II=I1+1
00 42
IF(TAGTTI1)*IAIW(I2).2)48,42,42

48 IF(I1"q2.-:!5)43,44,45
43 IJ=1,

GO TO 46
44 Li=2

GO TO 46
45 IJ=5
46 M1=LIII1)

M2=:LI(I2)
PRINT 554,11912

554 FO!!OAT(11-014.4P.CTGR*059/g5X,4COLIMNS.FACTCPs)15,//)
PRINT 555

555 FOr...HAT T5X.* TRT. EFFECTS40//)
00 47 I-1101
PRINT 556,IIWAIJ,I.,1).J=102)

556 FORf'AT ()X0/154.16F4.3)
47 CONTINUC
42 CONTINUE

PYINT INSTRUCTOR INFO, 9CIf TNFEEWAY INTERACT/Ch

PRINr 557
557 FOPMAT t//0WINSTi-ITTO. IN'ILT9p/15X;*3.AY INTERACTICh EFFECTS*)

IF(IAGT(3)"14CT(6)+IACT(1)-..W.:0,5315.!
50 Ni-ILITO

.N?tl/(6)
N3411(7)
DO 5e It11.01

65



PRINT 5C51I
6sa FORMAT(IMWLEVEL CF FACTCR 5 IS4051/0)

PRINT 559
559 FORMAT (5x)* FACTCR 6 NC, LEVFLS TRT. EFFEC1S4,/,

15X) LEVEL FACTCR 741//)
00 52 Jni,M2
PRINT 5601.1,43,(CIEI,J0)0(s102)

560 FORMAT C9X,Iiplux,I1,10X910F8.J)
52 CONTINW:
53 CONTINUE

PRINT 561,S1GMA
561 FORMAT i1M(195X114SIGYA 2 4,F10111)

OUTPUT MAIN EFFECTSI/ASt TAELE

00 19 P1pi0
an 19 J11010
OUT(I,J)=0.0

19 CONTINUE
CO 1 1=1,1
KIIIACT(I)
GO TO (211),K

2 MillLS(I)
00 i J21,M1
KinLEV(tpul)
OUT(I,K1)=AS(I0J)

1 CONTINUE
PRINT 501

501 FORMAT1RO5Xt.1LOCKING EFFECTS ANC MAIN EFFECTS4',//g4 INCREPEN
ITAL ADJUSTED TREATMENT EFFECT540//)
PRINT 502

502 FORMAT (4 LEVEL*,
FACTOR 1 2 2 4

1 7 a 9 104)
00 3 1=1,7
PPINT 503,Ip(OUT(194),J21,10

503 FORMAT (7X,1294X110,0.4)
3 CONTINUE

RCTURN
END

FUNCTION RNP(1'.X.F.11)
()AN% K/305175/8125/ISCALE/0.3:21126E14/
NSEC0 zNSEE0+K
RNO=FLUAT(NSfXD) OSCALE
RETURN
ENC

FUNCTION FNOR1(ICVAWEE0)
C CO.iPuTUS NORMAL 0) VIATE! 1 IH ?FAN nRo AN0 STANCARC CEVIATICN SIGMA

DATA K/0/,T1401,1/4.2832/
lr (K.E0.1)G0 TO 1

. FACTimSCIRT(-2.0*AtOC(PNC(NSEEC)))
FAOT2:7w0PI*RN1)(NSEE0)
Z=FACTi'sIN(FACT)
GO TO 2

66
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APPENDIX C

SAMPLE INPUT LISTING

The standard deviation for the error component was set to zero

for this sample experiment so that one may reconstruct each

observation from the various increment effects which are included in

order to check the execution of the STEXSIM model.
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APPENDIX D

SAMPLE STEXSIM OUTPUT

I. Output for student
2. Output for instructor
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APPENDIX E

INPUT FOR EXPERIMENTS CONDUCTED

In order to conserve space only the first five observation
specifications arc included for each of the 30 experiments. The
remaining observations are identical in format. The exact numerical
value for each can be obtained from the corresponding output listing
of Appendix F. The instructor's model and student's design otherwise
are exactly as when the experiments were conducted.
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FILMED FROM BEST AVAILABLE COPY

APPENDIX F

STUDENT OUTPUT FOR EACH OF EXPERIMENTS

In order to present more information to the reader without
increasing the number of pages in this report, the output included in
this Appendix is that printed for the instructor. Everything after
the phrase PUNCHED OUTPUT SPECIFIED would not be printed on the
student's copy. The reader in this way can see a portion of the
instructor's output whenever the listing of observations terminate
above the end of a particular sheet.
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APPENDIX G

ANALYSIS OF VARIANCE RESULTS

On each printout variables are numbered sequentially from 1

by the ENDO2V program. The factors to which each correspond are

written on the sheet.

The common scheme for indicating significance is adhered to.

A single * denotes an effect significant at the ot= 0.05 level while

a double ** indicates significance at a 0.01.
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